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Abstract

Three-dimensionatlectronmicroscopy (3D-EM) aimsat
obtainingstructuralinformationof macromoleculacom-
plexeswithin a typical resolutionrangeof between2 to
0.3 nm from the projectionimagesproducedby an elec-
tron microscope.As ary otherimagingdevice, the elec-
tron microscopentroducesa transferfunction (calledin
this field ContrastTransferFunction, CTF) into the im-
ageacquisitionprocessvhich modulateghedifferentfre-
guenciesof the projectionsignal. Thus, the 3D recon-
structionsperformedwith theseCTF-afectedprojections
is alsoaffectedby animplicit 3D transferfunction. De-
pendingon the preparationprocedure the effect of this
CTFis quitedramatidimiting severelytheachievableres-
olution. In this work we make useof the Iterative Data

Refinementechniqueto obtainCTF-freereconstructions.

It is shavn thatthe approachcanbe successfullyapplied
to noiselesaswell asto noisydata.

1 Intr oduction

The structuralinformation of biological complexes, i.e.,
their shapeand spatialconformation,is vital in molecu-
lar biology ascomplementarynformationto biochemical
studies. This knowledgecan help, for example,in nen
drug developmentandin the understandingf mary dis-
eases. Nowadays,the 3D structureof a protein canbe
addressedising two differentapproaches:one predicts
the conformationaktateof the complex basedon its bio-
chemicalpropertiesandthe possiblesimilarity with other
proteinswhosestructureis known; andthe otherapplies
3D reconstructioralgorithmsto datacollectedby some
experimentaktechnique.Thereexist several possiblebio-
physicaltechniquedor visualizinga protein,suchas X-
rays,NMR or electronmicroscoy (EM). Themaindraw-
backsof thefirst two arethatthey areveryrestrictive with
respecto the rangeof proteinsthat canbe studied. 3D-
EM is atechniquewhich providesonly medium-lov res-
olution structuralinformation of macromoleculeshow-
ever, it doesnot needspecialconditionsof the specimens
and it hasbeenestablishedas a usefultechniquein the
field of structuralbiology.

Oneof thelimiting factorsof 3D electronmicroscogy
is that it is difficult to obtain high resolutionstructural
detailsdueto the strongeffect of the microscopetrans-
fer functionon the experimentalprojections Particularly,
aswill be shawn later, the CTF introducessevere phase
shifts and eliminatesall information at certainfrequen-
cies. One way of obtaininghigher resolutionresultsis
by compensatindor the effect of the microscopetrans-
fer function. Several suchmethodshave beenproposed



[1, 6, 7, 12, 14, 16], but they usually apply somekind
of Wienetlike division by the transferfunction in the
Fourierspaceandalsoamplify noiseatthosefrequencies
wherethetransferfunctionhassmallmagnitude.

In this work we apply the Iterative Data Refinement
(IDR) techniqueintroducedby Censoy Elfving andHer
man [2] and further studiedby Hermanand co-workers
[8, 9, 17] to remove the effect of the microscopemper
fection and, thus, obtain high resolutionstructuralinfor-
mationaboutthe macromoleculesinderstudy Although
in this work only simulationswith phantomshave been
carriedout, the resultsareencouragingenoughto justify
futuretestson experimentadatasets.

2 Materials and methods

Contrast Transfer Function

Imageformationby anthe electronmicroscopds dueto

two different physical processesluring the electronin-

teractionwith the specimenfirst, a shift in the electrons
phaseandsecondanelectrondirectionchange Both ef-

fectsarecombinedto producea single modulationtrans-
fer functioncalledContrasfTransfer-unction[5, Chapter
2.11]. A cross-sectiongplot of sucha modulatingfunc-

tion, typical for cryomicroscop, canbe seenin Figurel.

Notice that the sign changesand the crossingsof 0 are
responsibldor a contrastinversionin the projectionim-

ageandfor thecompleteeliminationof theinformationat

certainfrequencies.A parametricmodelof this transfer
functionis givenin [15], andit is usedin the simulations
presentedh this work.

Iterati ve Data Refinement

This technigquewasfirst introducedin Censor[2] in the
contet of 2D medicaltomography seeSection10.5in
[3]. Theunderlyingideais to changeteratively the pro-
jectionimagesso thatthe processcorvergesto theideal
(without transferfunction) projections. Calling gik the
projectionin thedirectioni attheiterative stepk, gk theset
of projectionsatstepk, P, theprojectionoperatoiin thedi-
rectioni, C; thecontrastransferfunctionoperatoifor that
image,and R the reconstructioroperatoy the IDR algo-
rithmis formulatedasgl! = W+1g0 + (B — G PR
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Figurel: CTF usedin thecryomicroscop simulations.

wherep“t1 is a relaxationparameteappliedat iteration
k+ 1 and g° representshe setof experimentalimages.
Basically theprocedurgroceedssfollows: afirstrecon-
structionis donewith the experimentalimagesg®, then
every projectionis modified following a mixture of the

original projections,the reprojectionof the just recon-
structedvolumeandthis samereprojectiomafterthe CTE

Thenew setof imageds againusedfor reconstructiormnd
soon. ART+blobs[10] hasbeenusedasthe reconstruc-
tion operatorR.

Simulations

For the sale of objective assesmenbf quality, simula-
tionswith aphantomhave beenrun following the Figures
of Merit approachdescribedn Sorzand13]. The phan-
tom correspond$o bacteriorhodopsinyhosestructureis
known at atomicresolution(3.5A) [4]. The surfaceren-
deringof this structurecalculatedrom avolumesampled
at 2A/pixel, canbe seenon Figure2.
Computationaprojectionshave beendonesimulating
the cryomicroscop conditions. In cryomicroscop the
specimensare embeddedn ice, and are thenimagedat
very low electrondosego presere structuraldetails As
a consequencethe projectionimagesthat are obtained
with this techniqueare extremely noisy, with signal-to-
noiseratioslower than1.0. The CTF thathasbeenused
for the projectionsis shovn in Figure 1. 2000 images
were taken all over the projectionspace,a selectionof
theseprojectionsis shovn in Figure 3. Angular Gaus-
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Figure 2: Bacteriorhodopsirphantomfiltered at 17A
(maximumresolutionpermittedby the simulatedCTF).

Figure 3: A selectionof projectionssimulatingcryomi-
croscoly imagesfrom the bacteriorhodopsiphantom.

siannoise(N(0,5)) andshift Gaussiamoise(N(0,2)) have
beenaddedto simulatethe positionaluncertaintyin 3D
electronmicroscoyy.

3 Results

Threedifferent reconstructiondave beenperformedto
testthe efficacy of the IDR algorithm: thefirst onewith-
out ary CTF correction,the secondonewith phasecor-
rection,andthethird with amplitudeandphasecorrection
via IDR. Figure 4 shaows the resultsfor eachcasewhile
Table 1 shovs the L2 andL1 measure®f the error [13]
betweereachreconstructiomndtheoriginalphantomand
the maximumresolution[5, Chapter5.V] achieved with
eachmethod. Table 1, aswell asthe 3D reconstructions

| Correctieaction| L2error | L1 error | Resolution]

No action 0.995844| 0.961378 28A
Phasecorrected | 0.996125| 0.963414 20A
IDR 0.997908| 0.967625 17A

Tablel: Reconstructiosimilarity measurafterdifferent
correctve actions.

performedwith the differentdegreesof CTF correction,
shav thatthe IDR techniqueachiezesbetterreconstruc-
tionswith higherresolution.

4 Conclusions

The IDR’s ability of remaoving the transferfunction ef-
fect with noiselesgdatahasbeenprovedin [9]. In this
work we have extendedthoseresultsto extremely noisy
data. At the sametime, we have shavn the importance
of applyingCTF correctionto 3D electronmicroscoyy in
orderto obtain high resolutionreconstructions.Further
work mustbedoneto tunetheIDR freeparameterso the
specificcasesof cryomicroscop and negative staining.
However, thesepreliminaryresultsencourageus to pro-
ceedfurtheron experimentaldatasetswith this CTF cor-
rectiontechniquewhich allows the applicationof particu-
lar transferfunctionsto eachprojectionandwhich avoids
the noiseamplificationeffect causedoy mostothercor
rectionmethodsusedsofar.
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